Waveguides for back lighting have been produced using roll-to-roll nanoimprinting. More than 1000 pieces were fabricated and every 50 th device was analysed by confocal microscope, atomic force microscopy and luminance measurements. The properties of the devices are of commercial quality, confirming that roll-to-roll nanoimprinting has potential for high throughput production.
1.Introduction
Roll-to-roll nanoimprinting is a promising method for large scale manufacturing of photonic devices. [1] [2] [3] [4] [5] [6] [7] . We report on the results of small scale production of diffractive optical elements suitable for backlighting applications [8] . The element consists of a thin waveguide with tens of thousands of different diffractive structures which are used to control the light incoming through the waveguide and to direct it homogeneously outwards from the surface of the element. One of such sub-elements is shown in the Fig. 1 . For piloting we have fabricated more than one thousand diffractive waveguides and analysed the optical performance of the elements.
Experimental
A custom made roll to roll nanoimprinting tool [9] was used in the experiments, shown in Fig. 2 . The pressure used was 8 MPa, the imprinting speed was 0.6 m/min and the temperature was 110 C. The imprinting speed of 0.6 m/min corresponds roughly to an imprinting time of 0.3 s with the contact length between rolls (NIP) of 3 mm. The upper roll is heated up to the glass transition temperature T g and the film is cooled close to the room temperature within seconds by the cold backing roll. The patterns are transferred using a flexible Ni-stamp [10] which is clamped mechanically on the upper metal roll. The height of the patterns on the shim is 1.6 m. 375 um thick and 50 mm wide PMMA foil was used as the web.
Results
Every 50 th device was analysed using confocal and atomic force microscopy. The average depth of the imprinted patterns was 1.3-1.4 m. The optical properties of the devices were analysed by luminance measurements, see Fig. 3 . The devices showed good homogeneity and high optical quality. No sign of stamp wear was observed. The piloting experiment supports roll-to-roll nanoimprinting being a promising candidate for low cost production method for photonic devices.
Fig .   Fig. 3 Backlight device under test. Every 50 th device was characterised. The quality of all the backlights was high enough for commercial use
